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SHORT COMMUNICATION
A Novel Nonmetallized Tip for Electrospray
Mass Spectrometry at Nanoliter Flow Rate
Karen W. Y. Fong and T.-W. Dominic Chan
Department of Chemistry, The Chinese University of Hong Kong, Shatin, N. T., Hong Kong
We report the fabrication of a durable nonmetallized nanospray tip. This nanospray tip does
not require complex preparation procedures such as chemical treatment, deposition of gold or
SiOx vapor. It was fabricated by pulling a heated glass capillary of 1.1 mm internal diameter
to produce a fine tip with an orifice of 10–15 mm in diameter. A 10 mm gold-plated tungsten
wire was inserted through the capillary tip. This tungsten wire played a central role in the
operation of this durable nanospray tip by providing electrical contact. This type of nanospray
tip could withstand electrical discharges and sustained spraying of solution at nanoliter flow
rate for more than 3 h. Using insulin (35 mM) and myoglobin (1 mM) solutions, useful mass
spectrum could be acquired with low fmol sensitivity. (J Am Soc Mass Spectrom 1999, 10,
72–75) © 1999 American Society for Mass Spectrometry
Electrospray ionization (ESI) is an important tech-nique in mass spectrometry (MS) for the analysisof large biomolecules [1, 2]. It provides an effec-
tive interface for coupling advanced separation tech-
niques, such as liquid chromatography (LC) [3, 4] and
capillary electrophoresis [5, 6], to the highly sensitive
mass spectrometer. Typical ESI experimental conditions
require spraying of an analyte solution (1–10 mM) at ;1
mL/min. In an attempt to increase the sensitivity of this
technique, recent research in ESI-MS has focused on the
reduction of sample consumption by reducing the spray-
head orifice and lowering the flow rate from mL/min to
nL/min [7–9]. In addition to the reduced rate of sample
consumption, nanospray reduces the size of the Taylor
cone and thus reduces the gas loading presented to the
analyzer. Due presumably to the higher efficiency in
ionization and desolvation processes, it has been demon-
strated that the reduction in flow rate is accompanied by
similar analyte ion signals [7–9], which ultimately im-
proves the detection limit. Sensitivity up to attomoles of
proteins has been demonstrated [10].
One major challenge of nanospray technology is the
provision of electrical contact at the spraying outlet. For
a metallized nanospray tip, the metal film is highly
susceptible to deterioration by electrical discharges. It
has typical lifetime of 15–30 min in continuous spraying
[7–9]. A number of approaches have been developed to
improve the durability of the metal film. Kriger et al.
[11] has succeeded in improving the durability of the
gold film by coating an organofunctional silane layer on
the capillary prior to the metallization. Valaskovic et al.
[12] has extended the spray time of the nanospray tip
up to 1–2 h by depositing an additional layer of SiOx
over the gold plating. More recently, Thibault and
co-workers [13] have employed an electrochemical dep-
osition method to reinforce the metal film and have
reported to produce stable operation for 6 h. In spite of
the improvement in durability, fabrication of this mul-
tilayered nanospray tip is tedious, time consuming, and
requires well-trained people. The nontransparent nature
of the resulting nanospray tips is also undesirable as it
prohibited direct viewing of the sample solution. Intro-
duction of undesirable suspensible particles or gas bub-
bles during sample loading might prohibit spray initia-
tion, preturb stable spray, and block off the tip orifice.
Although several recent publications have demon-
strated that electrospray could also be initiated in
nonmetallized nanospray tips by remote coupling of the
electrospray voltage [14–18], the transfer of the voltage
to the spray orifice relies on the conductive properties
of the mobile phase and becomes dependent on the
mobile phase composition [16].
In this short communication, we report the design and
fabrication of a durable non-metallized nanospray tip. In
our approach, a thin metal wire of nanometer in diameter
plays a central role by providing intimate electrical contact
with the analyte solution at the spray orifice. This non-
metallized nanospray tip has shown to resist electrical
discharges and to sustain hours of continuous spray.
Experimental
Materials
All materials were obtained from commercial sources
and were used as received. Bovine insulin and skeletal
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muscle myoglobin were purchased from Sigma Chem-
ical, St. Louis, MO. HPLC grade methanol was pur-
chased from LabScan, Ireland. Acetic acid (99.8%) was
purchased from Riedel-de Hae`n, Germany. Ten mm
gold-plated tungsten wire was purchased from Good-
Fellow Cambridge, Cambridge, England.
Sample Preparation
Insulin and myoglobin solutions were prepared in a
mixture of methanol and deionized water (v:v 5 1:1)
with 1% acetic acid at concentrations of 35 3 1026 and
1 3 1026 M, respectively. All sample solutions were
freshly prepared to avoid alkali-ions contamination.
Instrumentation
ESI mass spectra were acquired with a 4.7 tesla Fourier
transform ion cyclotron resonance (FTICR) mass spec-
trometer (Bruker Instrument, Billerica, MA) equipped
with an external ESI source (Analytica, Bradford, CT).
Figure 1 shows a schematic diagram of the nanospray
source. The front end of the source was modified to
couple with a homemade nanospray assembly. A metal
cap with a 250 mm orifice was fitted onto the outer end
of the platinum-coated dielectric capillary. This metal
cap was used to reduce the size of the capillary opening
and to protect the dielectric capillary from direct arch-
ing with the nanospray tip. The nanospray tip was
positioned 1–2 mm in front of the metal cap orifice. The
sample solution was loaded into the capillary tip with a
10 mL syringe. The nanospray tip was normally held at
ground level. Electrospray of the sample solution at
nanoliter per minute was induced by floating the
counter metal cap to roughly 21000 V. A flow of heated
nitrogen gas (at ;175°C) was used to warm up the
dielectric capillary and to assist the desolvation of the
analyte ions from the sprayed droplets. The spray
position was carefully adjusted by using a x–y–z ma-
nipulator and was monitored by a CCD camera (375).
Data acquisition was performed using standard chro-
matography procedure in Xmass version 4.0. All spectra
were recorded using 128 kbyte memory. The total ion
current chromatograms were reconstructed directly
from the frequency domain data.
Results and Discussion
Nanospray Tip Preparation
The nonmetallized nanospray assembly was composed
of a 10 mm gold-plated tungsten wire and a tapered
capillary tip. The fine tungsten wire plays a key role in
the operation of the nonmetallized nanospray tip. To
facilitate fine control of the tungsten wire and to pro-
vide good electrical contact, a short length (;10–20
mm) of the 10 mm tungsten wire was mechanically
fused into a 300 mm platinum wire. The platinum wire
was in turn soldered onto a screw. The tapered nanos-
pray tip was fabricated using a home-built capillary
puller. A schematic diagram of the capillary puller is
shown in Figure 2. A glass capillary of 1.1 mm (i.d.)
(Chase Instruments, Norcross, U.S.) was inserted
through a heating ring. The heating ring was shaped
from a tungsten wire (B 5 250 mm and L 5 5.5 mm)
into a double coil of 3.25 mm in diameter and was
connected to a 10 W high-current ac power supply. Both
ends of the capillary tube were held in correct position
by rubber holders. The top holder was connected to a
variable spring loader. By adjusting the pulling tension
(1.76–2.94 N), the glass capillary could be pulled into
two portions. Capillaries with either burnt-ended or
fine tips could be obtained. In the present study, the
tension was adjusted to 2.45 N to produce long and fine
tips with orifices of 10 to 15 mm in diameter. After
loading a suitable amount of analyte solution into the
tapered capillary tip, the tungsten wire was inserted
into the capillary and was adjusted to give a small
protrusion (;1 mm) through the fine opening.
Figure 1. A schematic diagram of the nanospray source.
Figure 2. A schematic diagram of the homemade capillary
puller.
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Spray Characteristics
In this nonmetallized nanospray assembly, the interior
of the capillary tip can be viewed directly and the
tungsten wire can clearly be observed. Although the
actual spray was too fine to be seen under typical
experimental conditions, stronger spray could be in-
duced at higher spraying potential. With the use of a
laser pointer, the nanospray could be optically visual-
ized. A good quality spray took on the appearance of a
steady cone-shaped mist. A steady total ion current
provided a second indication of a stable nanospray. In
the analysis of bovine insulin, an 8 mL sample solution
was consumed to produce a stable analyte ion signal for
almost 3.5 h. The calculated infusion rate was ;25
nL/min. Figure 3a shows a typical nanospray mass
spectrum of insulin. The signal quality resembled that
of normal electrospray. Apart from the good stability of
the spray, a progressive change of the spectral quality
was observed. After prolong spraying, multiple adduc-
tion of alkali metal ions onto the insulin molecule ions
was observed (data not shown).
In nanospray analysis, the sample consumption de-
pends linearly on the infusion rate and also on the
concentration of the sample solution. To achieve higher
sensitivity, a myoglobin solution of 1 3 1026 M was
used to evaluate the ionization efficiency of this non-
metallized nanospray tip. 5 mL sample solution was
consumed to produce a stable spray of roughly 1.5 h.
The calculated infusion rate was ;55 nL/min. Figure 3b
shows a nanospray mass spectrum of myoglobin. The
mass spectrum was obtained with a total ion injection
time of 2 s. This corresponds to a myoglobin consump-
tion of less than 2 fmol. Even with the raw data, the
most abundant isotopic peak was determined to have a
signal-to-noise ratio of ;15. The signal quality resem-
bled that of normal electrospray. It was found that the
extent of multiple adduction of alkali ions onto the
myoglobin molecule ions was considerably weaker
than that of insulin (data not shown). This might be
explained on the basis of the lower contact time be-
tween the sample solution and the glass capillary.
The spray stability of this nonmetallized nanospray
tip has also been assessed with different water:metha-
nol composition (ranging from 0% to 100% methanol)
by using 29-deoxyadenosine (Sigma Chemical) as the
analyte. Although the preliminary results (not shown)
indicate that the analyte signal was slightly suppressed
at either pure water or pure methanol, a relative stable
analyte signal could be registered over a large range of
water:methanol ratios. The potential use of this nonmet-
allized nanospray tip for nanoLCMS is currently under
investigation and will be published later.
Spray Termination
Even though this nonmetallized nanospray tip could
normally sustain continuous spray for hours, there
were several incidences in which the spray stopped
before total exhaustion of the analyte solution inside the
capillary. It was noted that there were two common
modes of spray failure (i) misposition of the thin wire
and (ii) generation of gas bubbles inside the capillary
tip. The former would lead to a loss of electrical contact
between the thin wire and the surface layer of the
solution; and the latter would prevent the bulk solution
from moving to the spraying orifice of the capillary tip.
By careful adjustment of the wire position under an
optical microscope, the problem of wire misposition
could be solved. The problem of gas bubble formation
was found to be more challenging. Although the exact
origin of the gas bubble was not known, it was tenta-
tively attributed to the electrochemical reaction of the
analyte solution under the typical nanospray experi-
mental conditions. Further experiments are now in
progress to understand and to control gas-bubble for-
mation inside the capillary during nanospray processes.
Conclusions
In summary, our nonmetallized nanospray tip offers
several advantages over a conventional metallized
nanospray tip. First, the fabrication process is much
simpler. It has a good reproducibility by using a home-
made mechanical capillary puller. No chemical treat-
ment, deposition of gold or SiOx vapor, is needed. This
nanospray tip was found to be more durable than
Figure 3. Typical nanospray mass spectra of (a) bovine insulin
(35 3 1026 M) and (b) myoglobin (1 3 1026 M).
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conventional metallized nanospray tips. It could with-
stand electrical discharges and sustained stable electros-
pray at nanoliter flow for hours. Introduction of undesir-
able nanoparticles or gas bubbles during sample loading
could easily be identified and the residual volume of
analyte solution could also be continuously monitored.
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